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(57)Abstract: 

PROBLEM TO BE SOLVED: To greatly reduce 
dislocations which pierce a compd. semiconductor 



crystal layer formed on a substrate. 
SOLUTION: A substrate A for a light emitting diode 
comprises a sapphire substrate 10, an undoped GaN 
buffer layer 11 formed thereon, and an n-type compd. 
semiconductor crystal layer 12 formed thereon. A 
device structure B of the light emitting diode 
comprises a first n-type GaN clad layer 13 having p- 
type electrodes 17 thereon, an undoped ln0.2Ga0.8N 




active layer 14 and a second p-type GaN clad layer io M ir 

15 having n-type electrodes 16 thereon, formed in 
this order on the crystal layer 12. Trapezoidal 
recesses 18 are formed at regions facing the 

electrodes 16 on the substrate 10, and an upper part 10a of each recess 18 has a 



http://www1 .ipdl.jpo.go.jp/PA1/result/detail/main/wAAAa07737DA410341036P1 .htm 6/9/2003 



Searching PAJ 



thickness which is not greater than that of the first clad layer 13. 



Page 2 of 2 



LEGAL STATUS 

[Date of request for examination] 1 5.03.2002 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 .ipdl.jpo.go.jp/PA1/result/detail/main/wAAAa07737DA410341 036P1 .htm 6/9/2003 



Searching PAJ 



Page 1 of 1 



1 / 1 



http://www1 .ipdl.jpo.go.jp/PA1/result/detail/head/wAAAa07737DA41 0341 036P1 .htm 6/9/2003 



Page 1 



09) B*n4Wftr (j p) 02) & BB ^ Ift & S ( A) 



#l»¥10-341036 

(43)&HB ¥Jfcl0*P(1998)12fl22B 



©Dlntd.* 
H0 1L 33/00 
21/20 
21/338 
29/812 
HOIS 3/18 



mm* 



F I 

HO 1L 33/00 C 

21/20 
HOIS 3/18 

HO 1L 29/80 B 

H«JB©»16 OL (£18H) 



• 1 

(2i)ta«»# 


«K¥10-75295 


(TDtfifcA 


000005843 














(22)tf«B 


¥j£lO*p(1998) 3 J324H 




*Rj»««^»fri#i# 








(72)SHMf 


«r* <m 




(3l)*jfetfci36#*J 


tt«PF9-90675 








(32)«5feB 


¥9(1997)4£9B 








(33)ftittfc£3&B 


H* (JP) 


<72)38"»£ 


JlfifiJ IEBB 




























(72)*W« 


4» * 










ARi»«*m#i»ri#i^ 




















#a± aim ft 













(54) B8»o*#] *m&m, *mm?w*:ne,0m%m 

(57) . 

W.1 0 ©iCf «Stlfc7 y K-^G a N J: *) 45^ ? 
7 7® 1 1 'XtfnUG aNit) ^ftft^Mff^WMiiill 

IGaNtOWI KI1 3, 7>hWI (b) 

n 0. 2G a 0. 8N «fe 0 4 £ iSttJg 1 4 SI/ P SG a N «fc 0 

Kttpgwsi e^^snT^o, 01 km 

1 3©±Cfinl!«ffil 7A«Sft-CV^„ *7t-T 

TSffi 1 0 t^tta paws 1 6 t^iRj-r afsnctt, 

7r^7SSl OCJiWSiattfiBl 8©±$ISi5#l Oa . (c) 
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^tfcXgi:£<lx, 

©aa*:, «raEa£a©Tis©PHi«K:»j«sn, «rex 



©±C»**nii(IgB«tt*i:ll4S#»J: 94*eJt* 
kft*LT^4-c:fc«:««i:-r*»*«8KlB«©W- 

io] «ne^^«#«fti» An i±, a ixg 

aylnl-x-yN (OiXgl, Ogygi) ttSJl 

ttSCE*©****?. 

■ *tttSftRl«ttSfittiSft©Ji«C» 
& $ HfriB««ttea©ft^5£» k ft * S ft^JEffc*^ 

iifc*^ «iBik *ll*fc4M^Sf f-©«J6EiEr»-C* 
^XA^0«^ft©#5R?^1B«©T®C, 

^^M«©+*si5©»s * ? frgas^A©±<u»r^$ 
frE«^s©±fflcfri5<b^*#^s)i=&^ l 
ffl^*fl^©#*^«fTO©±c«nE^^«a*: 

feSBJ:*)*5¥«tt©*gi5%^fi!c : r*XSi:, 

Sftftx^y^&frfc-^ iffiaaa5©T®trffias 
t-r*aws«i i ci2*©**^^©fijgm 

tsaij:»)jfea¥*tt©at«*»j«i"4xe4:, 
■aiRWxy^y^fffeo-c, «ri2saj©TafcifriBK 
r 1 1 cia«©¥?i¥#$? ©iiifcwfe. 

[»*«14] KfiaSS)i^J«XSi:ifl2^^«lji^ 

*#*^©»*m 

jR$n«rta«ttiigs©te^»kft^5«^»*#-3 
^x/\^©fi«<gS©TiiC, '«flB*ttig*t:*(t*# 
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zmmwm.xnt, 

®m¥mm&z®m ixmm*m&%? -mm s« 
wxmt zmzx^z z t zmt-rz^mftmTvm 
sm 

[3i^©f¥iNH&t&i8] 
[0001] 

[0 0 0 2] 

[ae*©a*3 aftv gbn, i nN. a i N»<o«ft- 
9 ^i* ltv^©t\ ffi»ft*it j ?'iBai«f f 

*0m&LTM%*&trtV'fti GaN 
fig©-e^3. 4 e V©*tV>x* » ^5r* 

[0003] gffc&*Wt£#£##i|gii©j^ctt, - 
*8!&l-#«^&#3K#fc OJliF, MOC.VDftfcH 

dVawav^n*. fflijLtfGaNisftftiaaR-rstB^t 

L'TH 5>n« G a 7 >t ^ TtftflS? LTfl 

[0 0 0 4] a& «ftir*<b#«^«fM»Atj«iis 

[0005] 'LfrLfc'tfS, V7T4 7mmz*>^Z 

a, a*k#fl»a c*ii#fl0irp£*#*ft*ft4.' 7 

6A2UM 2. ■9 9A"CJb5©K:3*LT.» GaNJSAt: 
3. 19A&tfS. 19At**S. »7t 



(Latt ice Mismatch) tfft&tZtzlto. MOCVD^C 
J^H/fcfi+C, ■9-7r-fTi5«4:GaNiefii:©*Bif 
*»5»GaN|g*©rtSCfil4»?Tl x 1 010cm-2J:0 
.{>£ft®JtiMSft (Threading Dislocation ) 

•So 

[0 00 6j*fc, f77-f TgtffcGaN&iSfcttjBt 
»3ftflHfcfl<»fcSfc*>, MOCVDflsfcfettS, Sfifc 

i o o ccwioHjaktoMTowaxttiWiaeT, 

[0 0 0 7] Jtillsffitt, #&ftfcWI8<a-©+'C>i:fco 

tt«fiI±C!)tttfC4i. #&©»®ls&#MiL 
■C V ^ G a NtifA V vc y >f * - K fcflsltt ' 

[oops] '-tiT?, jta«st***s«*fc» 

^fcWt^'f V 7W i k'fr&Z*£Z>J5mX'ibZ>o Z<D 

;aNeftfc©*H t3 TC(E'&-K:J:Sx h L-^HfaSiia© 
"C, G a NJ3A AC fclt 5 KiI^0&±«f|J*|-C* 5 
Ay 7 rJfCJ:oTMXB:BjBiMiK:^»5 
»B«MRK©ffiJtK:tf -5'^ K kxtflgftSft-S©-?, G 
a N»artfc*lt4Jta<Ktt©*fiRt;^ 5 * * ©^ 

[0 0 0 9] Sfc, *MHH*4-2 8 7 0 2 3^*C;&" 
V*Ttt, -9-7T-f TMRfc'GaNISftfc©HltrGaNJf 

j: 7 Tmzm&tztKmfflLomittz 

- K§f^»Lfc*^(3f± v %.*<D%ftV4t- K© 1 0 

^w±©»s* ? #tjn* g* 5 fa«$ixT^.5 0 

[00 1 0] MT, ^¥4-2 9 70 2 3^»CIE 
«SixTV^5, V7 7 4 7mmtGam&£<Z>miZG 
a Nl«t 0 46 A» 7 ymttt KCo 

[0 0 11] HI 5 c^-t *-KI*, 
*7r^7S«l OOJitTy K-7°GaNJ:»3&5A 

•7 7 ri i o i Rvyy^f am&mmziii?z>%? : 
mm 0 2#mKm!§tstix^z> o ^^102^ 

%Sl<D?7 > KffcftinlGaNfl 03, 
^5T>K-7'I n0.2Ga0.8Nl Q4Rt/^2©^7 

■ > FJf 1 4* p fflG a NJi 1 0 5 3 nfcUBS 

-efeoT, KEl^ltSl 02ttnSGaN®l 03©^ 
4>E^-r S * T F 9 4 x » ^ y iT\z& K) 3!>ft&}\z 
ntUSo pUGaNll 05©±dttpl!**l 06 
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MiHT^5i:»i:, niG aNi 1 0 3 HfcltS 
x -y V ^5 ftfcSBfti:: tt n am® 1 0 7 j^fiSSfc/C 
i^S 0 ^T-(7SS1 00©jfS«l 5 0tfmt 
£>9, imfiBl 0 2©ff£te5 0*/nre2fcSo 
[00 12] 

[£i8;4 5 i*?ftLJ:-5k1-SflUg] t;5t, *ft%W% 
^ftKHM - 2 9 7 0 2 3 f ^HI^Sn-C^S^- 
teHioT^y^ F^^LT^Sh, ^7 r^f 
7g#U OOkJfH^jgl 0 2fc©MC/<»"7T«l 0 
1 #tfM£LTl^ifc«>, #ffl»£l 0 2K fcltS Siife 

fiiS.utij'^^^w^ttfflJSiJSii^^ -tn-ct i x i 

0 1 0 c m-2@K©KI£fittt{S£ k U "C fipff L fc. . . 
[0 0 13] OOkSHv 

$jgi 0 2fc©iDN*!/77ii o lavi-irrsfc, M 

.*ttR5£We* S k V > -5 & S c 

[oo i 4] ffiBciE*, m+m&ztsttz 

[00 15] 

.4 7WR\ OOtA'^rll 0 1 k©JM5k©#iS!&» 
e>*^*i& 1 0 2 fcftfr 3 Mfc©KfflEtt©-5 *>©-a$ 
Sr. t7 7-f 73£«1 0 0^977110 1 k©#® 

*>e.f7 7-f7isi oo^ftavbti-sfce^f. 

&l^k^*fc. 

[0016] ^LT, *77-f7i«100^v77 
HI 0 1 t<offlBfre>Vy-T<(7Wii OOMizfafr? 

t7 7Y7ifil 00©i¥S^nSGaNll 03 

©j?£j:9^;*<-fsk, #®^e>*f7T>f7g8n 
oofflycioj^omffiteisijS^L, :nt:ff^x, *i 

niG a NH 1 0 3 fr|S]*>-5 ^iHsfe * S 

[0 0 17] ijl2©ct7CL-C^e>n7 v c^7 7^ 
7&&1 O.ORtfnSGaNIBl 0 3*£;&kU 
«©±c*?«a*H&*1-5k, **«afc::felt*Jta 

mi.tw')>-tz¥&wm*zm.-(!zz z t i 
[ooi8] *sswii, irecftjLtas-^i^Tftsnfc 

[oo 1 9] *%wn%z>!m&&mt, 7xntt©is 



tt*&S.k, **&B*©JMlc#J*'3iv IRttttft©*?-' 
*fc¥gftS1K£*mkU «WS*©Tigc, ISttfcfi 

fciaaj***..-^*. 

[0 0 2 0] £#£fJ©¥«#£1gt;:<fcSk, 7X7Mft<7> 

ffs^Btg^-cft^ib^MffftsM©** tmm& 

^^©^^^©^Sf^/RMWWJjCSf^Sljg*^ 
dctSk, &^£©9£^^HMtt£ii*©#<* 

k H8KJaT-c*5*it*3rj-«:»jei-r5 i k #-e * 

So 

[002 1] **WEff6*W*K©»iS»acl4, ■> 

x/Ntt©«^*©TBfcia«*»ja^«iHia»iip:e 
k, <g««fft©±flic> «ewe v ft©»-f5e*k'*<ts* 

XSk*«Av E3»»j«xeB:» Pfl»*, SttttftKfc 
$£**#*«*©*? * 5 £® CM o T{b3-%*#& 

[0022] ©*»fl*S©««*»C * S k , 
■>xyvRffl®We*©-RSC, DaSB^. SttftAllfett 

mvmis. k BSattTC &S J: -5 KJ&jjtr* 16**1 
*.T^$fc*>, *»ifl©^tWM6«©«tJSi^CJ:-o-C 

T&dcT S k, «ttl»A©JM tffc^¥#ftt$£V©9.' 
5 k B«*JaTT?**¥#^**«£* 6 Z k S 

So 

[0023] *%wo)*mmi&(Dm&Jimt. mm 

£S ?>ir<i|&;tT^s c k#$f * U\, 
[0 0 2 4] *HWK^S01©¥#«tSf^tt, ffittife 

k. ^©±C^j£$ftfcfffl»&k 

■5 ^;^^^^7 v c(HI^^I5 3 &^i^■t^^So 

[0 0 2 5] *1 ©¥*«*?£ J:* fc, IStt^S©^ 

afeSfcto, *«Mgfikft^**»fl£lSfi«i:©ra©»^ 
«*©ffiaa^jlMlif3RiS»©fflaciSHbT4K*S* 
»i««a§ftCtftfi*n*©T, «pKISA©ASK:jr9 

[0 0 2 6] 01©*#*3fW ff^#it©±«l^^ 
»*6nfc«fiE*JPffl©WB«rfllitTV>4«^Ka > Has 
©/SffiBSffi <k 9 tTc S lr> z k A 5 (if * L v \ 
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[0027] m ©sMWWj-fcfc^-c, mvtmm. 

[0 0 2 8] g 1 fi5*^Mk*f tfev^-c, 
ISAM J: 0 fc 5 SSB©Tffl©Wfl!lSI$K 

[0 0 2 9] *£Wt::«S02©¥»#3W;i, 

[0 0 3 0] &2©¥##3R^C£?>i:, «!*£&©» 

[0 0 31] ^2©*JWIs^c*sivc, Syngas, 

[0 0 3 2] *1 XttJIgC^iWttJH'K^T, {b£ 
&¥?gftlf£&Jili, AlXGayl nl-x-yN (OSX^ 

tiffltLW 

[0 0 3 3] *&mmsmi<D¥m$%?<Dm&jjm 

«r*-rs*«k, £16©±fc^Snfc#**&fc&fl!r 
»fi©#IH^*««0Tiif(r, 

i o o 3 4 ] g i ©ais^ftc «k * £ , « 

s©-e, «tttsa'(Z)Tniic:» «ma©*&$©ff2# 



So 

[o o 3 5] m i ©¥*ra*?©a$#8cc:te^-c^ ea 
?MiRm&i&&m * o &a¥«tt©^*j&£-rs 

[o 0 3 6] mi ©^ft^©f^ia*^^r^3^^T, h 

SP^XStt, *tt#©J:CSPRtt#C»LTx>^y 

[ 0 0 3 7 ] g 1 wmftm* nmwsmi. f&gkmm 

fc$nx^znmm&*fflt%&£&ib&i£z&imx 
[0038] *&wizm%2<D*m&m?o)m&Ji& 

fc#»«^©KaD6f«fe*«fc'fc U *x/*R©«:|*ft- 

£ fl3S*#T*r as «* 5 izwfii&Mm-r a 

maam t , *®m ix^mmj-z&t*. 
tzmmjMtLZffikx^z* 

[0039] *20^HF#*^S2ttttllJ:«£, 
xAtt©«^ft©T®C, «|^fiC*slt*#fmB 

®mMti^*mftmm*i&mLx¥mmm.*i& 

..«hft©*3#fc^¥^JSiJ&Jf ©S3 kHSKKTTJ 
[0 0 4 0] *2©*IWW-fffl«iS*ft'tt> fe^®^ 
Ki^L^^a^ff/foT, .ft^¥tMMj;AllK:» 

[004 1] 
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^ > * ? $©¥*&****&** 5 &*©.#*#*« 

&tf*©8i6#fcCoVvt\ HI (a) ~ (c) , H2 
(a) , (b) Rr/H3 (a) , (b) £#MLfc;6*e> 

[0 0 4 2] *1\ HI (a) C^fJ:-5t, f&Jx.tf3 
0 0 //m©J¥£ **-T5->x^tt©«ttiieai: LTW 
7t4 TWfc 1 ©TiBCfc{t*iHF»J«fi««^©fi«'. 
C, tf~ » ;H£©&ig «fc 0 & 0 2 0 mOSJ* 
#rS^**2£m£i8»fcC<fcoTJ&RL;fcfc, *7 
r 4 T&m 1 ©T®%, 

^©il^tf^^fcaffiTJlTor rffliyf>m 

*H»c«-rfc*c, «*tf6oov0tt**E*fflan 
-r53^{r<to, hi (b) c^-r^c, ^77^7 

©_tffl3&#£50 »m(5|Ji:t«o ftoT, *7r^ 
T*fi 1 CSt7$|!!|iKtt3 &#©««£«:, i^7 7^ 
7lifil©3fi««:fiiofc«)®i2itt«l ajW&SSiia. 

[0043] *7 W7a*l©r!M*m-a©¥BfifeM* 
LLTfi, 83 (a) tr^1-«i:-5ir, *77-f7«fil 

©ja»sc»o-a£tfa'j >^tt©eittai. at*^ 

.fciWU H3 (b) Cjj**J:-5e, ir7r^7SSl 

©Jfc-fJBWHK* 1 b Ctt« L fcV^ «£ -5 C"t So 
[0044] &»r> HI (c) C^i-i-SC, *7t> 
7fflRl©±lSK:, CTxliMOCVDftir«fc07VK- 
7G a N J: 0 3 0 n m©A v 7 ?! 4 L 
Ay 7rJf 4©JtC» flW.tf*P?-f FVPEjfc 
(Chloride Vapour Phase Epitaxy ) faOnIG 
aNckO^SffS 1 0 0^m©<b^***^S5* 

[0 0 4 5] -*E % H2 (a) C^-f <£ 7 £, EJttg|53 
**r*^-7r^7a!«l«:l!fe*-rafc, Ay77l4 

ftSSSl 5 <fc 9 &S¥VftSIK«9ft tt t <kl>©ttl£ 

[0 0 4 6] *c, H2 (b) C^1-«fc3tr, 
«©fc^MWMSftlI 5 ©JifcfllAtfMO C VDj*t 
<tOnlGaN<):'5)5:5i$2«m©I10^75' FJ1 
6£J&£Lfc!&. Hi 0)9 ?y FH6©±lr, 7>F- 
71 n0.2Ga0.8Ni9&9^S3nm©}£ttM7&t/ 
pSGaN<£9&.5g£ 1 /iniOl2ffl^7'> K)I8%' 



[0 0 4 7] m©%JreKCft«¥Sft«tfii:J:&' 

»7 7<f 7S«1 £*rLT;v^j:Wctf>, 
77-/ 7£1£ 1 i: 1t£®*&<*&&m 5 i: ©ra1©^^^ 
ft©ffi^CF«M(«ft©ffl%i: V > o HH#ft£ L 4V * 

©t\ m^mimaMs<D^m^m^^Mmk-- 

[0048] (Si, IHM 3 £^1-3+7 7 t^7S«1£ 

»*r*wi:4<,-Kitta3**r**7T'f7asiR 

K ^7TJB4*tf<t^*^l«Wi5.k9fc*¥.- 
##»R©±c, Jgl©*7»KJf6. Stti7Xtf» 

[0 0 4 9] C©J;7C-r5i:, f77-f7S«l©T 
-9-77^7fi1gl 'tfe»5^*^»J«««l b© 
$ MICI^ 5 ©ff S i: 

K (ft^**tWMSftH5©»S± 1 0%) i:45J;^ 
C»*SnfcD!l!K»3 SfHitTVifcib, t7 7 7S 
*li:<k««*»(MSftlf5i:©BI©*^5g»©ffi3t». 
r/^3S^|!c©ffi®CjeH LT£ C *i6«%[i-9-7 t ^ 7 
*SlC^Afi$n*©T\ •9-7 7 ^7»«l©rtgBK: 

ss** ? ^$ns^J6, {b-e-^^^i5©ra 

5 ©j^f a ttr>v>x tt»fi:^»¥9#fe#ff 5 ©±t^ 

^$n5*^B©^tt* 5 isi±-r5o 
[0050] <m2(»mimm) *^©^2© 

V^TH4 (a) Rrjt (b) %#jSL&*5f>l»lt5„ H 
4 (a) RV (b) fi, *2©**»«tfli*«*^-f 
^-F4^LT*5*), H4 (a) f±ffiifflt&*a?U H 
4 (b) JiTiifflTffiflBfiSr^LTV^a.. 
[0051] H4 (a) H^-Ti-Pir, 300//m©J? 
$5r*-TS-9-7T^7£ffil 0©±C, 7>F-7Ga 
N <k 9 9 3 0 n m©Kff**f 5 a* y77lllW 
nSGaN«tO«:9 1 0 0 # m©§D¥£#f 

« 1 0 , A * 7 7§ 1 1 Rtf fc-ato^MWHSftli 1 2 c 
J:otH^^- F©S1gA* 5 »^S($nTV^5 < , 
[0052] ^^^fefiJS 1 2 ©±irii, nlG 
aN£*)tji*)2um<Dmm*^-tZ%lcD?7v FBI 
3, 7V F-7I nO^GaO SNiO^OSnm©^ 
**1-5jgttJfl 4at;pfflGaNJ:9 49 1 /imfflR. 

J¥**-ra*8©*7* fsi 5«Wisnti> 

9, ^l©^7-7 KJf 1 3; ffittSl 4Sr/02©^7 
*/ KJI1 5C«toT^7t^'f*-F©^1#jgB*«fl|^ 
^l^-CV^?> 0 C©»^ *^KIJftBttS6l©^7y'Ffl|-' 

1 3©jfc*ta-ra*-e»»w»;Kj*snti^. 
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[0 0 5 3] H2©?7* Fll 50±\ZitmX\i~y 

*r)\sz$ts&m£mm£ o &* pirn® 1 6 tmmzn. 
)Ui=.<yA z$tf<$tm$fgm£ o * % n mnm i 7 am 

[0054] m2omimm<D¥i®.tLT, 04 (a) 
(b) t^-TJ:dlr, 7g$l OCfcttS 

S fc^C 2 5 0 u m©8?2 £*-f ZBtk® 1 8 tfM&Z 
HTfcD, *77>f7Sfil OtrfcltSIHl^gBl 8©± 
fflg|55H 0a©Jf:£li5 0x/mT*$>£o d©^, -*r7 
r ^ 7*« 1 0 C is ft £!HWSi$ 1 8 ©_hffl!|gB# 1 0 a © 

[0055] mzomimmmzt.- ^yr^rm. 
i oKfcttscman 8o>±m^i oa©is (50 

am) l±te£%*¥#i6!f&Jf 1 2©/¥ $ (100«m). 
C&^T/J>S<fcoTV^fca!>, -*7W7»K1 Oi: 

Bmm$KDi®m\z.m® lx± c 5^11*77 -t t«« 
[0056] %z<i)wm%\z.%%mty4i[-v<m 

W£&m&t jfHS*&£<fc Lttlg&ttBl 5 t^-r 
4 7£« 1 0ftt/fc^4^WW&ftJf 1 2 ©Pftfca* 

Wetfc. d©di:A>6, *7r4?WSL\ Otltii 
«fex#»±-ra z: i: c «fc -> t, fk£-&#$#|gill 1 

[0057] »20SHWilKlH*»*4'''f*-Ft* 

wo*,' 1 2£2S£Uc»ae&© 

IScti 1 x 1 06 cm-2T£oT\ a£*OJ6*^-f K 
»rifc^Tl/l OOOOtrj^^tT^So 
[0 0 5 8] *fc, *2 0SHS^JiCff4«*^-r*- 
F©t?-?$&6fi4 5 0nm, Hffil±6ccL W&.X*% 

K»3tfc^T2^J:©»KXi;2<&J^±©* 

[0 0 5 9] « v ^ 2 ©MJS^Bi^ i3V ^-C li, it$m% 
1 2 Rtffg 1 © ? 7 * FJf 1 3 i; LTB, n 
SGaNJ:9.fcSJlK:f«.'C\ nSAlXGayln 
1-x-yN (O^X^l, OSy|l) J: 9 &3Jl£ffllv 



Ti<fcl>U I20^7'7 FBI 5£LT«, plGa 
N«tO*S»{r^;x-C, pMA IXGayl n 1-x-yN 
(O^XSl, O^ygl) J:«J&*lf*E^-C<,J: 

[0 0 6 0] Sfc, »203SW88BE*5V*-Ctt. t.7r 
4 73ME 1 0 CftxTL i G a 02^©8fc«S«, S 
i Cifi, S i*R, GaAsSffiXtiGaP««3?£ 

[00 6 1] .*2©*JB^»C*V^Ttt, t7 7, 
-f7i«l OC*ltSlffl*»l 8©J:iia5^1 0a©7c 

ttSKHKSl 8©±«aMH OaroTCtS^pamffil 
6©*tSJ;0t/jN$< LT1)J;V\ z©i-5tfS 

i2(m±f5)»3MgffittJiap-r5A*, ft*fctb«rr*-- 

[0 0 6 2] S.5C,'J|J2©38l^ttC;&V*Ttt. *7 
t -f. 7*« 1 0 trfet-r SIHlttaJ 1 8 1 0 a © 

JfS tt<b^^»ft^f B )f 1 2 ©Jf $ J: 0 1 5 0 u m/jN 

$ *> tzAK z nnn e.ni*> »7t^ 7*k 1 0 n 
wsmttSBi 8©±«a»i 0 a©*s*5, ft^***' 

fMSM 1 2 ©J** i: (fc*tt¥*ftttAJf.l 2 
©^S± 1 0.96) WTT*n«, ftlM&¥##£ri&® 1 

[0063] uiiT, %2(o%mimvL%%wtr4*r- 
ya)Wtnm\z^xmi (a) ~ (c) &#mLfca* 

[0 0 6 4] *-f, K7 (a) fr^-fi^tr, 3 00 « 
m©^S%*-t2>-lr7 7^7i£ffil 0©-©*® (T 
W - -7-;H?©^S«t 0 <t D 2 0 am© 

[0 0 6 5] ■9-7 7'f7SSl 0% K9^X».f- 

(tbi*) ncax-r*. ^©«, *7-t^7 

S«l 0©-©«®^, «'it«***^J:«fifldc**x 
i:©ig^^^^P>/j:§E73l To r rCx^f-ym 

#a^frisi-h^{r, 6 o o v©&mmffi£ffrta 

•rscittriD. 07 (b) tr^t-J:7fr> *7?^7 

y * y#xz i •? l t 5 o u mcom $ iz -r s. 

[0066] »C» +>-77-/7SSl OZY^Jx-v* 
6^MBC« 9 ffi L fc^, ?7?19 *Bfc£T 
•5„ ^©^, ^.7 7^ 7SS1 0©ftfe©^M (±®) 
»r, MOCVDj*13j;0; 7> F-7G a N J: 9 ft£Jf 
S3 0nmO^y7 7fl l*?fJj*Lfclfe, ^"/7?1 
1 l©_t£, 7P9-< FVPEJKfiftCJ:*), nIGa 

N.tbft5W« i aoum<j>it&fo%mwmm\ 2% 
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^/KLT> *7r-f73MEl 0, y TBI 1 Xt/ft 
#B##tt£iflB 1 2 «k 0 fcaJS**^ *- Kffl*«A 

t?7^ i o awft^*^MMS*» 12*0* 

[0 0 6 7] *c, te£%¥*ft*SiftB 1 2©±e v M 
OCVDtfelr<fc0, nS>GaN*0*$/?£2f/m©£ll 
\<09 9y FBI 3, 7>F-7"I n0.2Ga0.8NJ:O 
fc$BS 3 nmOgtti 1 4Rl/pUG a N± 0 &SB 
Sl0m©»2©*9»KB15MRWft*l/C, 01 
©*7* KB 13, j£&Bl 4M!2ffl^7* FBI 
5 *9 kS**^ *- FCD*^flBfiB*»rtLfcft, 

*?m&B<DW$>%m wo *? v m 1 3 z&<t>\zmt 

*'*T*»ttC»*-r5. *©&* 02©* 7* kjp 1 
5©J:C«*Hf- » ^t^tr&B^BBIc}: 0 tt&pM 
«S1 e*»*-J-4fc#K,'*l©^7» FBI 3©± 
7 A- 5 n A *<gRr&B£ffK * 0&§nlf 
®1 7^flSc-r?>fc, 07 (c) C^1-<fe-5H, 02© 

[oo6 8] (m3(Dnmmm wt, *^o*3® 

^TH8£#j&L*a s e>ia<irf3 0 H8(i^3©3IS6^ 

[0 0 6 9] B-Sfcwt i-SC 3 0 0 /Mn©#£%# 
■r5niJGaAsS«2 0©±tr, nSGaNiOfcO 
3 OnmfliW*#t«^? y rf§2 1 at/nlG aN 

ct 0*0 1 o o um<pw&*ttzfc&m*mimm 

2 2#B*B*S*iT*3 9» nl!G a A s*1S2 0. A 

? 7 7 ji 2 1 »iwt£4b*»fci&ftB 2 2 c«t * xm. 

[0 0 7 0] ft^^NMMMB'2 2©±Ctt, nSG 
aNi9^02//m©lf : S:tmiO^7'>' KB 2 
3, 7VK-7I nO.2G aO.8N.fc 0*0 3 nm©MJ? 

£igteJ§2 4&U t pfflGaN.fc9*0 1 #m©SI 
B**rf*£24>*?? FB2S#Bi*»BSnt*i 
0, SSI©*-?? FB23, i£M24Mf2©^7 
» Kl2 5Hi.tW^- KOB^BBBiMIMi 
SnTV^,, 12(5^77 FB2 5©JiKttpfflBft2 
6*5^StlT^S 0 

[0 0 7 1] m3<DmmmM(0^WLtLX. nlGaA 
s.aHS2 0C*(t4 plWB 2 6 tBl*f *«WCtt, 
fiBttfl5WjSft#r5kftC2 5 0 */m©$$£1trS 
BRa2 8*»»j«SnT*J0, nI!GaAsg«20»r 
*3tt£|HM*gB2 8©_t<l)g!5#2 0 a©^$«5 0 //mT 
<fc3„ 3©#£\ nl!GaAs««2 0t:*{t*IHtta. 
2 8 ©±®J35ft 2 0 a .©* £ S tt p &B&2 6 ©* 2r £ 
«k0i^T**V>, Bim2 80J^Rt;ttffi*£trn- 
!Ga AsSK2 0 ©T® Ctt n UUffi 2 7 

[0 0 7 2] m<nmmm^^>t. nIGaAsS 



■«2OCfett&|Hl#»2 80jitt»»2pa0BS (5 
0 « m) ttft*BMHWWIf*B 2 2 ©/¥;* ( l 0 0 a 
m) CttKT/J^^fc*, nSGaAs««2 0i:ft;^ 

ImNmhab 2 2 t<D®(D#tt&0temRvimm 

fllftOffljtCjBH LT4 C riSG aAsSS2 

0£fcgfi£tt£©T, nSGaAsKS2 0©F^S!5»r 
»aeffii s H4-rs 0 d©fca, fc£4b¥3F#tSAB2 
2 t^3V^-ct&^IScSu ^ ^P36^F>i!c©^gS^rjep LT± 

[0 0 7 3] 4#C, »3©ltE«BttC*V>Ttt, nUG 
a As S«2 0 ©«Egtf*?Bi6B©«i« <fc 0 

{b^*^^SB2 2Ci3VNT^S^Rt;^ 
B§fcftft©ffijt£&H LT & < tmzti 

£©T, ft^^NWMS*B.2 2ortaJK:J5^r*Ba 

[0074] g£-dt\ m3<Dmmmmizts^x^ <t-& 

2 2©*g£&m^li5f^BSaB©ISI. 
.tti«-B**<filJ;-r4©-C, m3©*JS^fil«'«*^ 

*- F©B«at;*>»ifle*©SB*^ *- kc 

[0 0 7 5] »3©*K»BCiR*S5*^*- F©Wf 

ftBAB 2 2 LfcJtaWi©ftl4 3 x 1 05 cm 
-IXh •sT, ft*©!!*^ KCUj'^-C 1/300 

oo»rM4>LTv^ 0 

[0 0 7 6] IS3©§I^J|gC^S£ft^*- 
F©bf-*ifc6tt4 5 0nnu »I(i6cd, Sfi"e» 

frs-frfc *:*©**» 5 ^fiwfin±"e*r»t, «£*©& 

%?4is- FCifc^T2^tt±©«ttR^?BISU:©* 

[0 0 7 7] ft, H3©HJS«t^TI4, ffc£%¥ 
BfflBAB 2 2 10^7j FB2 3i: LTti, n 
®GaN<fc0*?>Bfcft^T, nfflAlXGayln 
1-x-yN (OSXSlvOSySH) A0**B*BV^ 
Tt < ^:V^L. |$2©*7S' FB25fcLT8, plGa 
N<tO*-5BC^T, pSAlXGayl nl-x-yN 

(O^X^l, OSygl) *0*S»5:fflV>-CtJ: 

[0 0 7 8] *3©3l«^ttC*V^Ttt» 'nSG 
aAslS2 0i:m, plGaAsSfc 7>K- 
7°GaAsS«, B^AGaAsSfi, GaP^InP 
B©HI -VKfcWMHMSfc: S Li Ga 

02 m<m\mmL. s i cssxttMgoa«^«rffl 

[0 0 7 9] Sfc, f&3©*J6^BCfc^T«, nI!G 
aAsSft2 0 H fctt S Htta 2 8 ©±«# 2 0 a © 
^^*ttpSmffi2 6©*tSJ:0il : T*tV^V 3 
nCfUT, n «! G a A s 3&&" 2 0 £ *> W 6 2 8 
©±ffl!Ja57> 2 0 a ffl*t $ * p MSffi 2 6 ©*^ $ * 0 
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mttmtX. nlGaAsI«2 0t:Mt5IIg 

fb^4&*#«tigf B f 2 2 ester* 
mm 2 2 c«4i-«jra«tttt*s < *5i>r*. 

CO 0 8 0] <*e>C, &30$aBBJBfc*5V^», nl 
G a A s»«2 0 C;fctt*BRS2 8©±MSB5t2 0 a 
®»$ ttfllfrtb¥iWM&fiJi 2 2 ©J¥£ <fc 9 i 5 0 (/ m 
/JvS*»9fc*», znirRgen-f, nlGaAsa«2 0 
e*(t«03*t«2 8©±*J«#2 0 a ©/?£#, It&fa 

■mmmsm 2 2o»^t mms. at&ya^mw&m 

2 2©i¥S± 1 0%) UT"C**itt,- {b^MWMSft 

[0081] JMT, »3©3ttlS*ttCff4»*^ si— 
KCDHasasCoV^B9 (a) ~ (c) *#J$Lfc# 

[0 0 8 2] SI*, 09 (a) R*? 3 0 0// 

m©J¥S£*-f SnSGaAsS^O©--©*® (T 

j*r*. 

[0083] Set, n|GaAsSfi20©-O« 

j-^xyfym^^tiO, 09 (b) ir^-TJ: 
•5C, nW.G&A&&fa2 0\z&ttZ>-?*?2 9\zM.t> 

nTv\fc^«0-*»* lt 5 o u moi? * ir-r 5o 

[0084] Set, -7Xi7 2 9?:^*Lfc^, nIGa 
Asg«2 0©ft&©*® (±BB) C MOCVD&HJ: 
0, nIGaNJ;Oi5fS3Onm0A , ; »7rl2 1 
ttMtLfelfc, 1©±C, ^P7-f KVP 

EfiSfi&t.fc'?, nl/GaNcfcO&SJ?;* 1 00</m© 
ft^«*i»#|gft»3 2S:»lSLT. niGaAsSfi . 

20,^777121 avte&w&wmaM 2 2 «t 0 

[0 0 8 5] Kfc, 'ft^NfMNMMt*V'2 20XC, M 
OCVDfcCJ:»), nlGaNJ:^j:Sf5 2«mCDl 
l©*^* KB23, 7>K-^I nO. 2G aO. 8N.J: 0 
fr**-S3nm©}£teJI2 4»tfpfflGaNJ:9fcaJS' 
$ 1 //m©I2©^7y 

?)^»; K®2 3, fgtt»2 4atf*2<Z)^5y K®2 
5 iOft'aft**^*- F©*?«iiB.«&*r*; 
©ft, ^2©i>7-> Kl2 5©±tpM^ffi2 6%^JS 
1"*J:«C,.mttaJ2 8oasiSfttfflnii**trnS(Ga 
AsWE2 0©T®E±SCEr»-Cna(fE«2 7*»* 

rst, 09 (c) t^-Tctat, mzv-mmm^ 

[0 0 8 6] *30||*»«t:*V^TI4,'.ha!GaAs 

*«2 o cs*-r*x » ^->^xsat/*-f naiBffl^jsR 

*r -r *- f# K7 ■< x v fv>r\z. &<ogttt>y* 
ms.< &4©-e, nznzftityj*- *<»w&.*n±. 



iGaAsiS2 0t)Ptt5iff> ^Xg% K 7 x 
v * y ? c J: o Tfrfc o T i J: K • 
[0087] ft, -7^^29i:LTtt, 
S*LT»»llfttr*ntf,-7* h U5>a.K S i C2 , 

Ttt, nIGaAsSfi2Oi:7X ; !'29i:0i^> 

^iwyfc*«««"e*<535t 6 &ie£, ®m%, ^mm 

[0088] nSGaAs«tg2 0t^T, p 
IGaAsaS, 7 y F— 7*G a A s S^, K&SxGa 
AsJHRXBIII -vm^¥*#a«*/lV%S*# 
tti, nlGaAsSi2 0i:Hi©x7f >^lM 
S i»ffi£ffll^*§3-£»i, x* 

U\ L i G a 02 ^WKft&gfcXttS i C* 

^CiD^awtWJUvMgOlfeffll^i 
£t«, x.y^>jr^i:LT«, ^7>*x-7A« 

[0089] cm 4 <n%imm utr, *$&«©» 4 © 

V^01 O^JRt^&KWJ-S. 01O«04©ft 

[0090] 01 ot^i-idt, f^4(ommmm 

Z§tft?4 *-Ftt, nSS i CJiJ:9&*>5 «m©K 
fC**-rS»aJ3 0 a i:, KSSI53 0 a ©TiB©«I*a 
C-fWfcSftfcnSIS i|g«J: , 9^'9250«m©iSS^ 
*r£#SB3 0 b fcfr6tt&tl&££3 0 *«;LTH 

5 0 z:nt«ko, ^a«3o©Ta5t», ^^©»t 

®^*-r§fcttt2 5 0 //m©^$**-r§mgP3 8 
JlTJ3 •? , «£S«3 0 C *»4K3«» 3 8 © 

[009 1] «-&S«30©SSi53 0 a©±®tfi, n 
MG a N<t 0 <0 3 0 nmOlf ^tt S /<» 7 t © 3 
lWniGaNAOAjiO 1 0 0 «m©KW«r*-r*fl; 

0, /^7r|3 1 ftlfft^tt^NWSNSAJI 3 2 C «fc -3 
T^^-f *- K©S«A^J5?$nT^^ 0 
[0 0 9 2] ft^ftf «*MSii«3 2©J:fctt, - nUG 
a N J: 0 2 ^m®ll?:tt5i 1 7 KJS3 
3, 7>K-7°I nO.2GaO.8NJ: 9^:0 3 nmOlf 
**f *iStt!3 4fttfp'SGaN±'j*0 1 wmffll 
J¥ft5rr4*2©^5y Kl3 5**llg*^$nTi3 
■•?V*1.0*5?'KJi33, gtt)13 4au ! m2©^5 
y K13 5C ioT^Tt^-f ^-- K.©$7«£i§B#Pj0c 
Shtl^o ^2©^7-> KW3 5©±t{ipl«ffi3 
6*W$nT^5t«t, ta^SI53 8©lSMSt;MtS 
%-&trlS^S« 3 0 ©TS K \t n Mm® 3 7 $ n 
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[0 0 9 3] &40>t&miBi£**£. }g-&S«3 0£ 
fe»aiatt*3 8©±««»i: ft:*afB3 0 a©JS3 

( 5 ft m) tt<fc£tt*NWW£fili-3 2 OS 5 (10 0a 
m) Cit^T9 5flm*>/h£<&^TVN.5/ctf\ 
S3 0 ©£3B 3 0a £fli^%¥»#ifg.r a Jl 3 2 1 ®ffl<D 

ftTimaft&Rvt&sm&ftvtt'&t&m ix± 

M*©£< 1±&&S&3 0©g§i53 OaCftfiSfta© 
3 0 ©SSB3 0 a ©F»J»£#ft©jriMstfc 

Tte^£&&tf &!«#&©193tC£B LT£ 1 
tfSlftSnSfc©, fc^¥#ft£AJI3 2©l']ftC% 

2 ©«&&in >T (i^^iSB ©Ml.&a J flJiir &o 
[0 0 9 4] »4©'3aB»lBC<iR-5ft*^*- K©*r 

fl*M3.2CSfi^Ufc*a<g&0!>ftttl x 106 cm 
a*a>**^-f*-FCifc'<Tl/l 0 0 
0'0Cjfel>LT-V^. 

[0 0 9 5] Sfc, '*4©5MBUfflCff*JS*^-f*- 
KObf-^»Stt4 5 0nm, »Sli6cd, giSTS) 

[0 0 9 6] #K S&4©3M$!Ci5^T^ 

3 0©£S$3 0 aC4i»'«iattaJ3 80±flUriftjrr5 
^#©*t£(ipSmffi3 6©*#3iDi£T±£^ 
*s, cntrftAt, *^&R30O3!ai53 0aC:fil-t* 
Htt*3 8©Jt«Cfit»r4»»ffl*SSftpa«S3 
6©*£S<k9fc/M< LTfcJ:l\, C©J:5»::-3-<5 

t. m4o)mmmmtimi'c. 3 00*353 
isar 3 2 c»4t *jra«at»iitftrr a 

[0 0 9 7] «&£«3 0©3£g|53 0ai:#g|53 
Obt0iS*-g-b-lihLT(i> nl!S i CUfcnMS i 
Sk©a*^b-&CftifC, ZnOghilftS i«i:© 
fi*&*5-t*\ MgO&£V£'S i «£©&*-£•*>£, X 
ttWfcSL < fi$&©A lzG a 1-zA s (O^z^l) 
t G a A s ©fl*£fri*-*ffilr*-C «fc 

[0 0 9 8] Sfc, j»4ffl*JBBttC:feVvEB:, 

3 2 Stf IS 1 © * 7 y K© 3 3 1 1 X tt, 
nl!GaN«t*)'4*ilCft*T r nSAlXGayln 
1-x-yN (OsSX^l, OgySl) A0 4*1*BV^ 
TtJ^U $&2©*7* KH35fcLTl±, pIGa 
■N-JJOttSJlCffciT. pUA lXGay I nl-x-yN 

(O^X^K O^y^l) £K>t£&m*m^Zi>£ 

vv " •: 



[0 0 9 9] WT, *4©3HS»»Cffsa*r-f*^ 
KoSifi^ifeC-oVvCBI 1 1 (a) - '(c) 

[0 100] *-f, pi ! (a) f3^-T«td»r, ffS2 
5Owm0nIS i&30 c©±C, nl!SiClf<i:9 
&S£ffi3 0'a %*HSlfcft8tK: J: D«IJ^«5 ym©i)f 
ORfiS-e-fcft, n!Sii30c ©-©«ffi (TED 
©JQftflSt: 3 9 £^JGSc-ra o 

[0 10 1] Sa53 0a©^:gi5i:nMS i«3 0 
c E*3ltS v % ? 3 9 HgfrftTl^SBfti: %m-- 
n® S i S3 0 c 'Cist** * 3 9 cWaKTi^ 

1 (b) C^-TidC, nlSiCfii^OStfmffl 
m&nit SSgi53 Oat, ifc£SB3 o a©rm©^ 
«C— fWb4'n*; nffiS i#J: 0 fc9 2 5 0 ^m©igi3 
3 0 b l;*»63&:<b1t^»E3 0%»*T 

So 

[0 10 21**:, v*?3 9£&:fcLfc^ 
3 0©1BI:, MOCVDjfetiO, nlGaNiO* 
5S5 3 0nmfflA7 7 7i3 1 *Mf$.Ltz&. a*-/7 
tB3 1©±C ^D7^ KVPE#ft&C«fcD, nl' 
GaNJ:9fcSJ¥;S 1 0 0//m©fb-&^¥ft^B3 
2«r^*LT, J££-g&30, 7 7»3 1 RVit& 

.aw*. 

[0 10 3] Kfc,'ft^#3ft»I,Ji3 2©±E, M 
OCVDi£H<kO, nSGaNcfcOft** £2*/m©» 
l©^7yKI3 3, 7> K-:/I nO.2GaO.8N.t O 
fc9/?£3nm©igfflB3 4&tfpMGaN«fc9fc*/P 
SI //m©»2©^7-> KM 3 5%**»J«LT, Ml 
Vcp^9y.FJf.3 3;-'SttJf3'4ay|l2©^5» KS3 
5 ±o ^cs^y^f K©jHF«JfiBS:»jatr*; ^ 
©^, *2<p^> KJf3 5©±CpIJm3 6£^ 

i-'St^E, Htta3 8©ffisatFms**tfa[^s«- ' 

3 0 ©T®H C fio T n WMM 3 7 5 i: , 

HI 1 (c) ir^TJ:^E» %AOi%immr~%%3&t 

[O 1 04] ff!4©3«SiCJ:a^ nMS iS30 
c ti5(** v ^ ^39 Clt^nt ^*c^SB^©^*l^* 

raaRttx^v^fcfffr^T, *a53 0afc^*a5 

3 0 a©TlS0H»*C-*fl:Snfctt«3 0 btfrZ 
U?>m&mfo3 0 ZM&tZtzlb, TS15C2 5 0//mffl 
g?*©IH1^3 85r*-T*i:*E^IHItta53 8©±#JSB 

^©^s &5 u mx-&m&&m o ?rs^i±a < mi¥ 

[0 10 5] m, %4<0%Wm\Z.-&\^X\U nlS i 
US 0c\Z&tf%*X7 3§\znt>hX\^U\^ft1k£ 
XVklkttztiK Z.fi\~1XXX, nlS iS30 cfr*j(* 

V\ d©*-&trl±, nlS i CI* 0^**353 0 a© 
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[0106] (is 5 omffifcwd jjit, *5mv>m 5 © 

•aVVCHl 2 ; £#JiLJi* s 5»itt^-rS„ B12(i$5© 
lt*J&ttC«a¥*# U— ®BrffttS*9 LTV 1 * 

So 

[o i o 7i H 1 2 c"*r j: ? m5®nm&mK& 

*f3f?tt v nIS i CJfiO&S&gMO 
a k, ^*SB4 0 aCDTKCPMWiCHWtSnfcnlB 
S i«J:9&aiflfB4 0bfcfr&fc**£«4 0*« 
*.T^S. cntiOv «^iMK4 0OT*Cli#^R 
©WrBfft#-r5P3tt»4 9#»j«sn , CV>5. 
4 0©&SB4 0a©±®Ctt, nlGaN*9feM?' 
7rW4 1»tfniGaNJ:0ife*ft#WMMMS«i 

4 2A<IB2k^$tlti3 0, $£S1£4 0, ^7?l 

4 1 at;fl:^«*JWwe#Ji4 2 ciot^u-v 
^©xiSA^ifdcSftxv^o . 

CO 1 0 8] it-&mmmm4 2<D±.\Z\Z. nIA 
1 GaN«t0«tS*lC!>^5» Kg4 4> TVF-yf£ 
tfc! 4 5, Xh^7:R©&&4 6a£*-f$nlJAl 
GaNJ:0^5m«t^ay ; ?»4 6* ? IIS*^$HTVN 
So WI^P»^4 6®JbK:BX K^^tt©3B' 
a4 6a***SJ:-5CpaA 1 GaNJ: 9*382® 
K147tfW3n, i!2©i?7-y FJI4 7© 
±CttpSGaN<feO«c53y^^ M|4.8tf9ASn 
TVvSo 7>F-7g&Jl4 5H:I nO.08GaO.92Ni: 
I n.0. 15GaO,85Nk^5C*JiSn3fc#fi*f#F" 

5 1 jWMtSft"CV\* k#C, H^«4 9 ©IgS&lM 
®^tr«#3MR4 0©TiSCI4nS!«S5 24»»*S 

*itv>So 

[0109] %sa>mmm<»ftwt lt, m^mm* 

0 C*(t«ia«*4 9 fc 4 0 a ©J¥ 

S ttfcWNHMS&Ji 4 2 k RWOttTC* 

•^jf 4 6©* H5-f ^R©Ka4 6aCjBoT#«-r 
■Sfctf), a^fflR4 0©Taci4ft3^«©»rB5Sr*r« 
KM** 4 9ri«SftT*J9, tt&£&4 0.©£34 0 
aC*lt<5Catt*4'90Jb«a»©«^ftttX h ^ 
ftfl!>JKaJ4 6a©IBTjtfeJ:0*)*SV % « 

[oi io] ;:©*:&, m$mm4o<D&®4 0at{k 
3^»©«*ciBHL-c4i:«ji*<!)*<tta[^as«4 

0©«liB4 0a»rAfi^HS©T\ ££gffiE4 0©&3l5 
4 0 a ©rt*t *ft©JtaCffi*«S5k-r.5. v ©fc», 
ft-^*^*#tt*» 4 2 C *rt * T«f£ftXimW 



tMCSUM©??* KH4 4« 7> K-7 p gteli4 5, 
mM-7uvi?m4 6, ff^©*^ F© 4 7Rtf3y* 
* M4 8A»e.^Sfg^jgB©fe^tt* 5 l»!±-rSo 
[0 111]$, ^5©H»]iir*3V^tt/rtaJ*h 
7 ;/!!©¥## v— •f*^?*o 
t, ij „ s;u©¥#ft u— © j;-5 fc, te©*jft« 

[0 1 12] Sfc, ^5©SUf6^fiUrfeV>-CI±» 7>K 
-7?£&/ff4 5«I n0.08Ga0.92Nk I nO. 15Ga 
0.85Nk* J XS«3«tJiSnfc^Sil-f#F«iSS:*LT 

Jf-Cfco-ttcfc^U GaNfclnGaNfcMrt 
[0 113] »5©SI*»MIC:««**fl:i'— 9* 

©-c, fSl 2*#JRL«:*«P»»Wr*. 
[0 1 14] St*, nIS iSC±CnSSiCIo:*3 

©-©^tS©SfflJSB)rvx^%^-rSo &35© 
£3SknlJS i S^^S^x^cSfrHTivsasfrk 
£2§-r->^> nIS i SxCfctTSv^lrgfrttTWj: 

Oak, »3M4Oa0TiWfcH*fcSftfcW«»4O 
b k^e>fcSjt££1g4 0 ZMf&tZo 
[Oi l 5] 2fcC, 1t^-a®4 0©fife©S®tr, MOC 
VDj£C<fc9, nlGaN<t*)WAy77i4 J.trJH'. 
JfcLfcfg, A'y7 7l4 1®lC, KVPE« 
nS!GaN«t0JiS<b^**fr^®4 
2&J&KLT, «£-S1£4 0, ^»7 7i4 1 RlWb& ' 
«pHMfrjg£ff 4 2 <fc 0 u— «f JHF©aWA 

[0 1 1 6] {fc^**»*ISftJf 4 2©±C, M 
OCVDj£l::<fc9, niAl GaN±0^cSi51©^7 
v F14 4, T>F-^gttl4 5Ri;nMA 1 GaN 
£*)tj:Zmm7vy ^i4 6»JKlfct, K^-Yxy 
^>^*fflV^T v m?fE^oy^P4 6C* K^-f ?#© 
^4 6a*0fi!t-rSo ^©^> €JfE^o-y^«4 6© 
MOCVDfcfccfcO, pMA 1 GaN«J:0&S|| 
2©^7-y F®4 7Sl/pSGaNJ:0*S3>^ ; 7 h 
Jf4 8*«*»J«LT» Sf^lKftB t»* Lfclt, ^* 
jfeHiO, K)i48©±HpSSffi5 1 «r^« 

■r«'k*c,''iatta'4 9©jsiis.tffiig ; Sr^tf^s« 

4 0 ©T® K nSm® 5 2 ^fiScf 5 k,.m5©HJ(g^ 

[0 117] (mecom^mm «t, **w®*6©- 
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VvCHl 3&#MLfc#&K#rft. Ell 31*,. nid® 

So 

[0 118] HI 3fc7jVf <fc^C, 5 0 */m©JS;*£* 
ti>?7 7 JT&W. 60 ©±C, 7V K-^GaNi 1 ) 
ii0 3 0nm^f5;tt^'y7ri6 IRtfnSG 

a N=t 0 40 1 oo-/<m©iw*#r*ft^^»*ie 

77161 aVfll^tt^NMMgftl 6 2 C «fc o 

[0 1 1 9] Yb^%^##^SB6 2©±l3fi, nlG 
aN<fc0&0 2tfm©!glff£*-rSi&l©?7?/ KH6 
3, 7y K-7*I nO.2Ga0.8NJ:9&D3nm©lU?: 

s^tns2®^y kii 6 5*«&^$*it*> 

0, Hl©^* KS6 3, %m64RVm2(D?7 
Sft"C^S„ fg^«iiB{i^l0^ v-y K®6 3©^ 

lo 1201 m20??y h'g6 50±ni*pmmm6 

K « n W.W& 6 7 ftT V * S„ 

[0121] meosute^iitiiii:, t7 7-f7is 

6 0©*;* &<t£fe¥i£#llg ( aJI 6 2 ©J? S £tfc^T 5 
Otfm/>S<&^T^£;fca!>, +>"7 7 -f 7&&6 0 tit 

£tt¥WM£AJf 6 2 fc<9M©tt7£ft©fflaxtfllW 

oct>iu§sfts©T; ^wrasse o®rt*cit 

So 

[0122] wt, mevfmMmKmm:?^*- 

K©8»SttCo^t v H14 (a) ~ (c) £#ML 

[0 12 3] S1% HI 4 (a) IZint&o^ t&J;Ui 
3 0 0 u mcomm^iri, *7 x;vft<7j-»r y y 4 7£« 6 

o otymomBBK. yzf69 «e l mi 4 

(b) C^fcfc^ir, -9-77^7SK6 0tr*3(tST^ 
* 6 9 CBJpilt V>4V^ft.x y > /ir * 0 ft£ L 
.TEflttSB6 8*»J«1-«i:#C, -9-7 7^7^6 0(1 
*»SIHWjt»6 8©±flJ»»S:5 0</m©l?SCrS. 

[0 1 2 4] HI 4 (c) »r^-r*-5£, -9-7 7 
-f7g«6 0©Jh®HMOCVD&CJ:9, 7>K-7" 
GaNJ:0Ai5;^7 7i6 1 t)MLfcl,^?7r 
ffe l©±lr, ^07^ KVPEtfftifeCJ:*), nlG 
a 0 ftS/¥£ 1 0 0 /m®fc^¥*#£rilV6 2 
WSLT, *77OSfi60, a* 7 716 IRtf 



ft^tt^NWWSftJi 6 2 * K> ttZ&btrJ*- V<0WR 

[0 12 5] *C, ft^MMMM 6 2(DJ:ir« M 
OCVDfeCJ;0, nlJGaNiOftSSgl©^-;/ K 
Jf 63, 7>K-7°I n0.2Ga0.8N<J:O4Sffi1416 
4&tfpI!GaNJ:9&Sf&2©;?7-;' KJ16 5;6 5 JIfi& 
JEWtLT, %l<D??v Kif 63, gffif 642S;t/02 
0)9 5.9 K*0 5.fc9fc5^^*-K©X-HI2SB 
ft»*-r5. *©&, «#*C*0, Sfl2©*7-y Kg 
6 5 ©.fcfc pWWSk 6 6 £JE^-f S 1 © * 5 » 

KJf6 3©±»rni!m«6 7Sr^J«-r-5. *©&, 
A©**#*«**«W*-*fc, *6©S^«cffa 

[0 1 2 6] ffi, f&l~f&6©3IJgl2j|g£:fcVvm, g 
<k*.3Rfb^**aWMSft»«rMOCVD^ XttJ&KS 

[0 12 7] 3:fc, B2~^6©SIJg^l8Cj3V>T^ 
g^ACSfLT, 7 6 0Torr©gffiatCt6 
0 0'C©K:fe31 : S:J6LT< J <fcl>o 3©«£-5 trrsfc, 

fe», fl:«**»fMSftm'2» 62, 22, 32, 4 
.2Ej&£LT^SJEMStt*> ir7 7'f7S«l 0, 6 
0, nlGaAsSS2 0X«1g^*«3 0, 4 0©£ 
SB3 0a, 4 0atr#»S-l+S;i:* J T?t5c ZOtz 

*6, fflRAc*»«jra«st*-»«*s**ifc!W-e 

[0 12 8] &Mm<DTmU&t LTB2 5 OIC^U:** 
tft b\\ 2 5 0V&±(bmm*fttj;5 1. 
WMmtiL*&® 3 i+ *> C k * ? T * So 

[0 12 9] &*&a©J-IS&«li, Slfitrio-C^ 
0, GaAsi»«©*^CMiaTJJW|-r**|R©«^-lv. 
« 8 0 0 1 WT* 5 »S L < , L i G a C2 ^©g?ffc^» 

«xt±s i cmis.<DM&£&mMu&m^<Dx>8 o o 

[0130] immozm&tixt Lttt, s«©^ 
e»Jot^S^T©m&a©^c{i7;u^y j f'g 

S <t 7 ft)(|fiT©IWUl«>«^ t f± 7;u y © J; -5 

[0 13 1] Sfc, »2~*60DH*^»i, 

ftiMlMmWCft'*T, S i C^© I V- I Vlft^ 
^#:XttZ n S, Z n S e#© I I -V I K<k^# 

[013 2] £5>C, m2~$4$i.Xf%6cDmmm\i. 
*- K-C* 0,^5 ©HJS^Uti^^ U— 9 s 
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[013 3] 

flMEW»ft©TSC, *^ACfclt.*4*F^J*fW 
©ff * CH -a Tft^MMWMSAf ©J?£ k H$ 

leJaTc^*±■5t:»J«a^^fclHl«^r^i*Tv^«fc^6, 
*3^©¥*#ais©4s??^£®«©±csHM*i&% 

[0134] *&W©^#&«©Sj£#feC J: £ k , 

a®©*<* k i^gg&Tcfts i a k#j*tsis** 

ATl^fcto, *^W©*^&S©Saj&^tJ:-3t 

{9 e>nfc¥$fta£is©4*7 ^jfc«tt*©±caf 

[0135] *^©^#<*ss©s^s^ &m 
»«ie©» c , a =&(^*-r ssttiiisii 

*»*'-CV**fc, «:fHSA*tf Lftl^iWt^fcfcS. 
Ztifi-CZZtc to, A k A k ©m 

< fts©-?, ft^*#Wo>v^T'ttlWk^* i MMMi 

©±c»*« «K6©iefttt*<*s < fa:tr*. 
[oi 3 6] *i ©*****£.* at, mm&tif 

*u «^»a©rtscitacfit36»ft*-r4fc«), <t<&* 
e s^x&tt&Rifimmmmmi 

^©nkc^-rssaeffijs^fSo c:©^©. 

c»j*sna**at»©i&Atta , fa-h-t*©'e* »*■?■ 

[0 13 7] *fc, |l(D«#ffi:J:5J; ( Stti^ 
A©T0cfi:K|gA©+**©*;* tfft£«&¥£#*£A 
H©^5 kP^gflE&TK ft* i -? CE3«*K(tfcfc», 

A/f©iEA£©ft±k©K:££Ha3k#-e#£. . 
[0 13 8] $ri ©¥^ft*7 a ? 1j^f?M8©itffi%il 

*-a*$«6t:, iaa5©j£isa J *4j:ot*tv^6 
©ic^shs^fiSigcisws^E^anans^ 



#©S§A&#ft±T£©T, J: 0 ft*«**iF- 

^©t§i^^©^&Si;#^A 5 «tllC|6)±1-?.o 
[0 13 9] 01 ©¥##*?C*5V^, ISttilSAtf, 
ISAW* 9 ft *¥*«©*»£, t&S0TiB©Ji*«C. 

fcttfetft 0 44*tt#©±fclSaB«fc <0 ft* 

¥1£#©SS5£^J*Lfcft, iRft#©T«©+*a*a 
S3«)Cxy^^1-iCkCJ:oT, *ttfgA©"RSe 

[0 14 0] 01 (DmmHf CfcV^T, fittfeS* 5 , 
ISftB.t'Jj&rSWtt©***:,- SBF©TB<!>mME 

9ft£$JS$ka>£>ft3k, afc»fcS*LTxs^:/^a8i 
tt*tfrf 4tm J: 0 &5«aftfl«o±K:ttfcJB <fc 0 ft-S^F 
*«©*»*»« I fcfiL *«*®T*©***B*»R 
ffiCi^vns^fcCiot, «*»A©TiSK:* 
.'3ICKias«:K» 5 3 k a*"C s 
[0 14 1] *JM^(*S»2©*****CJ:4.k, 

k it-m^mmm k ©M©»^3£»©«si 

.aim»^ft©«jttiBHLT4l>$2*tt«tt«f* 

cfcAasft, «tt«*©rt#cjt»wfca«ift£-r*fc 
to. fb-g-ti^^ABtrfc^Tft^ifcRt;^^ 
ft©*jSejBHLT£Ca£*#«ft'3ttS©"C, ft^ 

%i*#^*Sft»©rtgi5ciii4-r5SJiefeAW>-rs 0 

c:©fcto, <k^*»i^ft»r>^Tlittft^iNW* 

ieft)f©±c»j«sn** : J-i>i3fi©ie*ttj»iRi±-r4© 

[0 14 2] 0 1 ®#*#**®»&#fefc:J:<5k. « 
tt*ift©**-F»J«ft«®TiifC, 4*?WMH*0* 

IMUf ®JM k H8«J61TC ft* * -5 CEWttMK Lfc 

¥£#f§AJS©&;* k P9g*«Teft * <£ -5 C»**n 
.fcBMBSrll*., fc^¥$fr*£Af©lgA&tf fc-h Lfc 

l ©3M|#*****CS3!rr 4 c: k tf-ff* *c 
[0 14 3] 01 ©¥¥#3&?©«&;tfi*C:&^T, ca 
jgfflMtXS*. «^©±C«^tr^Ltx->^>^ 
aWtt**T*tlA)I«t: 0 ft *>««©*«*»* bfc 
ft, Sttflcc^LTfittflMDflSklBi^Mf-rSi-SCa 
^»x y ^ >^*ftft ^Ig^tr k, SS|5C# L-Tx 

ftoTSttflc©«»W*«SS'a-SwkA<T*5©-e > 

sa5©T®irffi«^«t o ft4*wa*«3ic»a"r « 3 

[o 1 4 4] m 1 ©^aw^jf^otffisefefcfev-c, ca 
mzficmtf* «tt#©±c«tt#c«f l tx -7 y ^ 
i^tt^^-r « is a» i 0 ft 4 ^ttttt^ais*^* l 



Page 14 



ft, -«tt#e*f L T«tt#0P8«S5jWR#f 4 «fc -5 CS 
ftftxy^l/^fcfTfc^XSfc^tri:, SSBKftLTx 

[0145)^1 ©**fr*F©8a*tt#» 

[0 14 6] *2«0#*»«-foKiS*«feK«I:*t, ffi 

Lfcft, «^A©±«tefc^¥#^Afffc^j£? 
3fcfi!>, «mft©*SiWb^¥*Hmilf©ff;*fc 
HS*ttTC*0, fcS4^#j^ft*©|Sfttt*»fl-L 
'Lfc*2 ©4^**"MBlCB»r« 3 fc **T£ 

coi4 7] *2©w«*©«a^av &mm 

JUr»*S.h.Tl^JtaC^*:««|gSit:»ft4 : a : 4i 

[HI] (a) ~ (c) frWf©m ©XMmcff 
[02] (a) Rtf '(b) .tt*JW!©81 ©Unfile 

[S3] (a) 5.1/ (b) tt*£«©m ©SftJftRC 
&£¥»#S«©K£m©-Xg£*?Jgffi0T& 
3. 

[04] (a) St/ (b) tt*HW©^l©IIJ6^ffi»3 
ffi*S5*^*-K*«U' (a) ttWnBH?*oT, 
(b) .ttJfiHHT**. 

[as] *m0%2(DnMwm-fcz>%%vj*-~F 
[06] *m<o%2<»%mi&m®&tew\z&z%i%y 

-f*-K©WrK0-e&S. 
[07] (a) - (c) tt*£H®$203g£^jBCff 
536*^*- K©«ffi^©#X8&-^WBiH?* 

[08] *|gifl©»3©5Hli»JBCi«4S5*^'r*-K 



[09] (a) ~ .(c) tt*£i8©l83©fli0£SlK:& 

s&ft^-r*- K©i!ijg^©#xs%^-r^®0-cife 

[01 0] ;MM©JB4©£|IMCfll«%%j' > 4*~ 

[0ii] (a) ~ (c) \t*mmA<»mmm\z 

[012] *m<oB5(Dnitmmimz>¥m&\'- j, f 
[0i3] *m<Dm6<Dnimmzmz&%rj 

[014] (a) ~ (c) 'tt*fSW©*6©SOS»«lt 
%zmty4 *- K©»3i*j*©#XfiSr5?rKjBBT? 

[0 i 5] «£*©£#*** ~ K*«-r»faHi?*s, 

[*^©U«»] 
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30 m$m 

3 0a SSi5 
3 0b '#3 
30c nSS i« • 
3 1 /W7ri 

nltS 



32 
33 
34 
35 
36 
37 
38 

3 9 
40 
40a 

4 0b wubi 
4 1 ^7rS 
42 

4 4 %\<J)9vvY 



4 5 7>K-^|g&l 
4 6 HS^a* ^® 
4 6a Xb7<^R©»* 
47i2^77Fi 
4 8 KJg 

4 9 Htt^ 

5 1 pMmffi 

5 2 tiSm® 

6 0 *7 7^7SS 
6 1 A'«;7 7l 

6 2 te£#¥##£.SIJf 
6 3 01©? 7? Kg 
6 4 ffi&Ji 
65 H2©?7* KH 

6 6 psm® 

6 7 nllffi 
6 8 HtfSB 
69 
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